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ABSTRACT

The Vermont Agency of Transportation (VTrarnigstalled a Brilge in a Backpack
(BiaB) system, or also referred to aRajified FRP Tube Arch (RFTA) Structuren a low
volume road in a rural setting. The value of using this system is the potential to use smaller and
lighter construction equipment for a restrictedivery location such a®rest or farm roadsThe
BiaB does not require large cranes and there is a potentiatHh@ldrfabrication of the tube arch
members where large truck delivery lismited. Advantages of the system includgod
waterway charaetisticsand suitability for ledge controlled or spread footings. Disadvantages
of the system are that fewave beemonstructed and that it has aesthetic limitations.

The construction of the Fairfield BiaB projeptoceeded smoothly Generally, site
conditions and limited experience with the BiaB led to less than ideal means and methods for
construction of the system. During construction, it was noted that several opportunities remain
for further expedited construction and cost reduction. Generally M ns 6 experi ence
BiaB showed that the system provides a benefit to the.StHte Research and Development
Sectionrecommends #Agencycontinueto consider theise of the system



INTRODUCTION

The Vermont Agency of Transportati@Trans) proposel to construct the Bridge in a
Backpack(BiaB) in the town ofFairfield, on Wanzer Road The BiaB system is a unique
structure type that currentlgicks asimilar competitive alternativeThe predominate component
of the BiaB are ribbings construdtef fiber reinforced polymer (FRP) tubes made rigid by
reinforced concrete. These ribbing® spaced at a regular interval and are configured to arch
over the opening. Tharched tubesre lightweight and canbe carried into place bsnanual
labor, theeby giving its name (sekigure1). In order to use the BiaB system, VTrans was
required to obtailrFHWA approval for sole sourcing the Bridge technologyis wasinitially
pursuedhrough the Public Information Findin&IF) process, which allows state transportation
agenci e do uselufiquéd popucts in the transportation system. The impetus of obtaining
this PIF approval from the FHWAvas to explore the use of a construction technique that was
less equipmenrntensive.

Figure 1 FRP tubes can be carried into place by hand labor. AIT)

The sole source request covered the major structural elenanely, the FRP tubesd
panelsthat are only provided by Advanced Infrastructure Technolof¥$). Remaining
components of the BiaB systerould be obtained through competitive bidding and pricing. If
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proven successful, the Agencguld usethe BiaB bridge systerto save public dollars both in

the short and | ong t er mpde.constrictioe pracess Willeresdltsn q u i ¢
l owering initial cost s. The systemds durabil
will reduce maintenance costs and extend the overall structural life $panbridge technology

was selected as @&ASHTO Technology Implementation Group (TIG) Lead States Team effort.

In order to promote and further refine this innovative bridge technology the AASHTO TIG Lead
States Team encourages the design and construction of pilot projects throughout the country

The Public Interest Finding process is a clearly defined mechanism inZBit@FR
635.411 as supported by 23 USC 112(a) to allow for propriety products or materials to be used
on highway products. Though 23 USC 112(a) requires competitive biddemd;HWA has
provided for an allowancetns e pr opri ety products and mater.i :
product out weighs the need f)oThe Agencyuachase tpr od uc
incorporate an Experimental Feature (EA) Research studyssociation with the PIF as a
condition ofFHWA approval A five-yearmonitoring plans currently underwato evaluate the
overallvalue and initiaperformance of this technology.

PROJECT LOCATION AND SUMMARY

The Bridge in a Backpack was installed iairfield, Vermont on Wanzer Road (F80)
at bridge 48 over the Wanzer Bro(fkeeFigure2). Wanzer Road receives about 200 vehicles
daily. The original bridge was constructed in 191@gure 3 show tha the bridge was very
narrow (17.2 ft) and wadocated at the bottom of a significant sag in the roadway with steep
slopes descending to and ascending away from the briigee r oadway ha-d a si
curved horizontal alignment through the projesite. Figure 4 shows that the bridge daa
timber deck on steel girders and spatha small brook The project scoping field report
suggestd that the timber deck comprised of vertically laminated 2x6 bofastened by nails.
The deck appeared to begood condition. The stebeamswere rusted and had supplemental
supportingbeans, whichwere added at a later tin{seeFigure 5). The substructurgvhich
carried a fair rating exhibited substantiateteration. According to the field inspector in 2011,
the rating for the substructurequired a reduction in rating based on findings at the {@)e

The field investigation found thaisinga temporary bridge located on either side of the
existing structure was nofeasible due to the challenges the vertical and horizontal alignments
provided. Adequate detours were available within the proximity of the prdgeqgbrovide
essential mobility{see appendix) The project scoping report suggelstieat thdocation justified
an accelerated bridge construction method with-aeek bridge closure. The challenge with
closing the roadway at the bridge site was coordinating with the nearby farms and their access to
their fields
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Figure 3 Bridge 48 alignment (VTrans)



Figure 5 The underside of bridge 48howing theadded beams (VTrans)

The existing substructure consisted of abutments comprising of a concrete cap setting on
laid up stonewallsfortified at the base bgoncretekneewalls. The abutments were placed on a
timber mat (se€&igure6.) The clear span was 25.5 ft., just below the bridge seats and above the
kneewalls. The kneewall clear span was 16 ftHydraulic engineering recommendations
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suggested that the kneewalls and timber matting could remain in. plagarther
recommendatios suggested that a concrete wall should be constructetidight that exceeded
the Q25storm event to keep debris from coming in contact with the FRP arakethat the FRP
arches should span 30 ft. with a radius of 18.75 ft. providing a rise of.7.9He initial
assumption was that integral abutments with steel piles would be used for the subs{B)cture.

Figure 6 EXxisting substructure (VTrans)

The United States Geological Survey (USGS) analysis of the bridgesied moderate
scour susceptibility with a greater rigssigned tathe up-station abutment (Abutment #1).
Though it was felt that at lower flow rates the timber mat would stay in place, higher flow rates
increased the chances the timber mat would exodsy. @)

Though the existing structure was rated as fair, several factors led to the decision to
replace it. The substructuveas less reliabléghan the bridge rating of fair would suggest. The
width of the structure and the approach alignmevese substandardfor traffic. The steel
beams were rated good; however, the supplemental beams that have been added tdrshore up
original beamssuggests thatonfidence in the structure was lo@@) A prudent measure was
taken to replace the entire sulbsture, remove the timber matting and return the riverbed to a
more natural condition.

While closing the bridge accommodated smaller project limits and reduced
environmental impacts, the inconvenience to the public could only be addresaecelgrated
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bridge construction Though the centerline of the bridge and roadway would essentially be

mai ntained with no cor r ec troadwaywidtrowouldhbe wide® cur v e
to an 18 ft. traveled way with 2 ft. shoulders. The vertical alignmentildvdbe corrected by

raising the bottom elevation of the sag by 4 to 5 ft. Using a deck system would have required a
longer bridge to keep the substructures to a minimum or would require very tall abutments to
maintain the current bridge length of 28 fThe chosen structure type was to be a buried
structure.

PRODUCT DESCRIPTION

The Structures Section chose to replace the existmigturewith innovative composite
bridge systentalledii Br i d g e i n Hawe®gthe lstpucauceksnoce accuratelyeferred
to asa Rigified FRP Tube Arch (RFTA) Structute The RFTA or BiaB syst
lowers construction costs, extends structural lifespan up to 100 years cagiener alternative
to concrete and steel constructiqh) Product liteature suggests that the bridge can be
constructed in 10 daysThe systemwas developed by the University of Maine Advanced
Structured and Composites CenteiOrono Maine and is distributed anthrketed by Advance
InfrastructureTechnologieslsoin Orono, Maine.

The RFTA system is referred to as a fABridg
being stiffened, are flexible polymer fabric socks. These socks can be rolled up, put into a duffel
bag and easily transported to the progt# The sakswould then beunbundled and inflated
into long straighttubes on the ground. The installers would then use bracing to bend the tube
into the specified arches. The final step would then be to use a vacuum assisted transfer molding
process to infuse ¢htube with resin. The tube would then be allowed to c@yeTlhe materials
and equipment needed for this task can be loaded into the bed of a typical pickup truck for
delivery to the project location7)

The BiaB system as stated earliecomprises pmarily of ribbing made up of FRP tubes
shaped into archesA single tube is essentially @mposite exoskeletonvhich fortifies the
concretewithin. The tubing provides significant strength, durability and protects the concrete
from corrosion. As waswith this projecttubes are manufacturedn a plantsimilar to the field
application previously mentionedlhe resin is allowed to set up in about 30 minutgs.Each
tube acts as external reinforcing and can eliminate the need for internal steetiregrnwhich is
common with concrete construction. The fabrication of a FRP tube fuses several layers
(including carbon fiber) with resin to create the composite material. The exact blend is
engineered to optimize the efficiency of the bridge desidine completedFRP tubes are
relatively lightweight Transporting them to a project siwégll not require special loading
permits and when they reach the project site, tbay be carried into position by two



construction workers as shown earlier in thigore. (9) The spacing and diameter of the tubes
will vary depending span length and results from ongoing research.

Once the ribbing is in placand anchored into the footings, corrosion resistant FRP
corrugated decking is fastened over the top of thdrhe FRP decking is essentially higher
grade corrugated roofing panels one could purchase at any lumberyard. The decking is fastened

using corrosive resistarsicrews, whichwill later act as concrete anchorslhough not taken

advantage of in the Fairfeblproject, the panels can be used to shore up and accurately position

the tubes, rather than using temporary bracihgreby eliminating a construction stept the
crest of each tu a single access hole is drilled wintholes being drilled at pois along the

arch of each tube. Seatbnsolidating expansive concrete is placed through the access holes and
allowed flow down the archeg9) The vent holes show where the concrete is during the

placement and can allow air to bleed olibe BiaB systemwvas initially designed to allowoil
to be placed directly on the deckingSeveral installs havalsoincluded placinga reinforced
concrete shell over the decking before placing the roadway mateAalseadwall system is

attached and the bridge is kfited. The systentomponentgan be seen iRigure?.

decking fill
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I \
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The product has been used in 13 locatiapsto 2012 with the most BiaB systems

Figure 7 3D rendering of the BiaB (New York Times)(10)

Composite Gravel / -

“Sidewall

M Qebrigdonl The New Yok Times

constuctedin Maine. OtherBiaB constructioriocations are ilNew HampshireMassachusetts

and Michigan.(9) In 2013, an additional system has been constructed in Ellswoth, THE.
system has also been used internationalliie first BiaB system was consttad in Pittsfield,
Maine in 2008. This 28 ft. long bridge consisted®8fLft. di a met er

tubes

space:(

which supported the earth and vehicular load&e bridge headwals consisted of composite



sheet piling and the FRP decking was off thelisroof decking. Both of these items can be

competitively bid because there are multiple supplid®. Other headwall systems have been
used successfully as well including precast concrete wall syst€atse 1 contains aist of the
other BiaB systems that have been constructed.

Table 1 Bridge in a Backpack Construction Locations and Stattics (12,13,14,15)

Location gﬁﬁtr Span Rise Width Skew OI}ILATCk;gS Spacing Di-al;lrjnt:eeter
Pittsfield, ME 2008 2810¢q 7®0 456 5° 23 28 0 120
Anson, ME 2009 2 0 460 250 15° 9 3® 0 120
Auburn, ME 2010 3 8®o 96 0 380 15° 13 340 120
Bradley, ME 2010 2 860 600 3406 19° 12 2410 120
Hermon, ME 2010 4 460 6400 126 0° 3 58 0 120
Belfast, ME 2010 4 7060 | 1100 450 0° 16 2410 150
Caribou, ME 2011 5 4%0 1200 556 30° 22 280 150
Fitchburg, MA 2011 3 7H0 540 360 30° 15 280 120
Pinkham Grant, NH 2011 2 38%0 600 260 0° 6 4180 120
Huron County, M1 2012 37m0| 640 520 20° 16 3860 120
Ellsworth, ME * 2013 4000 | 1400 320 25° 11 586 0 120
Fairfield, VT ©° 2014 3 6H0 76 0 3806 20° 9 580 120

The fabricator AIT, provides conceptual and design services for the bridge system, the
plant fabrication of composite superstruatuelements as well as installation oversightlT
states thatladesigns are engineered to exceed AASHTO load standards for single span bridges
from 25 ft. to 70 ft. and mukspan designs exceeding 800 ft.

CONSTRUCTION

The BiaB in Fairfield was consicted by A L. St. Onge Contractor, Inc.from
Montgomery, VTin the 2014 construction seasoiihe low bid price for the VTrans project,
Fairfield BRO 1448(38), was $983,841.08.dding contingencies and construction engineering
costsbroughtthe total costruction costsip to $1,129,817.15.Construction begam May of
2014 with a contract end date of October 3, 2014. Construction completed on September 30,
2014.

Several of the BiaB systems installed prior to the Fairfield project used simple block
foundations. Due to hydrauli@and substructureequiremers, VTrans usd a more typical
footing-abutment construction. Removal of the entire structure, excavating the timber mat and
the necessary excavation of the footlmggan on May 28, 20140n June 24,he contractor
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began work constructing treeibstructurewith setting the formwork for the northerly abutment

To construct the substructure, the contractor chose to use a medium duty crane with a boom
reach adequate for both abutmen@n July 9 stone fil and backfill were placedbehind the
northerly abutment. By August 18, the contractdrad completed all substructure work and
begarto prepare the site for constructing the superstructiiée.

Construction of the superstructure began on Aug0stwith the setting of the first arch
(seeFigure8.) The only superstructure steel reinforcing were anchors inserted in each end of the
FRP tubegseeFigure9.) FRP tube were placed usitite mediunduty crane The contractor
chose to use the crane due to ibhegh terrain for the safety of the construction workers and to
prevent potential damage to the tubé&¥ithin a week, the tubes were set and the decking was
installed (seeFigure 10.) In the next week, final concrete placement in the abutments,
effectively anchoring the tubes in place, was comple@abutingwithin the tubes followedAs
mentioned earlier, seffonsolidating concrete (SCC) with expansive admixtures decluto
ensure the concrete expaadnto and adherto the FRP tubed during the concrete cuvas
used (17) SCC was chosen due to its ability to flow within and adhere to the walls of a form
without segregation of the aggregate from the concrete mat8€C also does not require
vibration. The desired slump of the SCC is 24 to 30 inches. On&C@evas placed, no loads,
other than light foot traffic was allowed on the structure for 48 hol8¥. According to AT, it
took only 22 crew hourfrom the begiming of setting the first tubéo completingthe final
placement of the SCC within all the tubes.

Figure 8 Installation of the first tube (VTrans)
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Figure 9 Anchorage reinforcement of thetubes (VTrans)

Figure 10 All tubes in place with decking being installed (AP)18)

Initially VTrans designeda concrete shell over the specified FRP panels. In a Value
Engineering determination, a more heauty FRP panel aled theATLAS FRP Panel was
chosen to replace the lighter duty panels and the concrete sfietingineering and production
of estimates and design details were absorbed by AIT. provided?25 full width 42-foot long
ATLAS FRP composite panelsThe® panelsvere determined to be capable of withstanding the
expected design load The change in design provided an overall savings 2if,$10.00and
expected to shorten the system construction timeipyo a week The concrete sheitem,
which comprisel of 4,800 pounds of reinforcing steel aoder 2 cubic yards otoncretewas
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